To investigate the knowledge-attitude-practice (KAP) score in diabetes patients living in urban China regarding Medical Nutrition Therapy (MNT) and explore the influencing factors, this national survey recruited diabetes and prediabetes patients in 40 hospitals across 26 provinces in China. A self-designed questionnaire was used to collect the data and assess the knowledge, attitude, and practice regarding MNT. Logistic regression was used to explore the factor influencing KAP scores. A total of 6441 diabetes patients (mean age: 60.02 ± 13.14 years) completed this survey. The mean glycosylated hemoglobin (HbA1c) level was 8.12 ± 2.12%, and the control rate of HbA1c (HbA1c < 7.0%) was 38.92%. Of the total, 53.56% had received MNT education. Over half of the patients had a poor total KAP score as well as poor K, A, and P scores. Patients with higher KAP scores had higher control rate of HbA1c ( < 0.05) but lower levels of fasting plasma glucose (FPG) and 2-hour postprandial blood glucose (2h-PG). Gender, occupation, residence, education level, and MNT education could influence the KAP scores ( < 0.05). This study showed that diabetes patients in urban China generally had poor understandings and practices related to MNT. Patients with higher KAP scores exhibited better control of blood glucose.
Introduction
Diabetes is a common chronic metabolic disease that greatly affects people's health and quality of life. It is estimated that about 415 million individuals aged 20-79 years lived with diabetes in 2015, while another 318 million were diagnosed with impaired glucose tolerance. In addition, the number of patients with diabetes aged 20-79 years is expected to increase to 642 million by 2040 [1] . With improvements in living standards and changes of life styles, more and more individuals are diagnosed with diabetes in developing countries. The incidence rate of diabetes in China was as high as 11.6% in 2013 [2] . In 2015, over 109.6 million individuals were living with diabetes in China, which made China the first leading country with the highest number of adult diabetes patients in the world. In addition, the medical cost of diabetes in China was estimated at over 51 billion US dollars [1] . A nationwide survey in patients with type 2 diabetes in 2010 showed that the control rate of blood glucose was only 32.18% (glycosylated hemoglobin [HbA1c] < 7.0%) [3] . Therefore,
Materials and Methods

Study Design.
A multicenter cross-sectional study was conducted by the Diabetes Care and Education Study Group of the Chinese Diabetes Society in 40 tertiary, secondary, and community hospitals across 26 cities in China. Fixed-point continuous sampling was adopted to recruit patients with diabetes and prediabetes. The patients were mainly included from the outpatient department, while the ones from the inpatient department accounted for no less than 10% of all the patients included.
Patients.
The inclusion criteria for the patients were as follows: (1) age ≥ 18 years; (2) being diagnosed with impaired glucose tolerance or diabetes for 1 year or more or being with gestational diabetes mellitus; (3) consciousness and ability to correctly understand and respond to the questions; and (4) willingness to participate in the study and signing informed consent form. Patients with one or more of the following items were excluded: (1) age < 18 years; (2) inability to complete the survey due to physical or psychological disorders; (3) refusing to participate in the survey; (4) refusing to sign the informed consent form; and (5) being ineligible due to other conditions assessed by the investigators.
Questionnaire Design.
A structured questionnaire was developed by a panel of experts consisting of clinicians, nurses, dieticians, and other investigators. Each question in the questionnaire was developed from clinical practices and was closely associated with current MNT education in China. The questionnaire was discussed and modified several times before being applied in the survey. The preliminary survey was conducted before the initiation of this study to help modify the questionnaire and improve the validity and reliability of the questionnaire. The Cronbach's alpha values were 0.679, 0.717, 0.412, and 0.440 for the total KAP score, K score, A score, and P score, respectively.
The questionnaire contains two parts. The first part of the questionnaire collects the demographic and disease information, as well as physical examination data, including gender, age, height, weight, occupation, education level, residence, blood glucose level, and duration and type of diabetes. The second part of the questionnaire includes the questions on KAP regarding MNT (Appendix). Knowledge (K) of MNT is assessed by 6 questions (Q4, Q5, Q8, Q9, Q10, and Q15), attitude (A) is assessed by 3 questions (Q11, Q12, and Q20), and practice (P) is assessed by 10 questions (Q2, Q3, Q6, Q7, Q13, Q14, Q16, Q17, Q18, and Q19). Question 1 is an independent question, which assesses whether the patient had been educated about MNT before. For the questions Q11, Q12, Q13, Q14, Q19, and Q20, 1 point is obtained when the answer is "No," while for the other questions, 1 point is obtained when the answer is "Yes." The scores for K, A, and P are obtained by adding the scores of all the questions in each section, and the highest scores possible are 6, 3, and 10, respectively. The total score for the questionnaire is 19, which is calculated by adding the scores of K, A, and P together. The higher score indicates that the patient has better KAP regarding MNT.
The total KAP score and the scores of K, A, and P are considered poor when the score is less than or equal to the median value (the median values for total KAP, K, A, and P score were 9, 3, 1, and 5, resp.).
Data Collection and Measurements.
The questionnaire survey was conducted by trained investigators (clinicians, education nurses, or dieticians) assigned by each of the participating hospitals, through face-to-face interviews with the patients.
Physical examinations were performed by experienced nurses. The following data were collected during the physical examinations: height, weight, waist circumference, hip circumference, systolic blood pressure, diastolic blood pressure, fasting plasma glucose (FPG), 2-hour postprandial blood glucose (2h-PG), and glycosylated hemoglobin (HbA1c). All these data were measured by standard methods that have been widely accepted and applied in clinical practice within 3 months prior to the study initiation.
Quality Control.
Over 6000 patients were included in this study to provide a sufficient sample size. Strict quality control was applied throughout the processes of data collection and processing. The investigators were uniformly trained several times before the study to minimize the bias and improve the validity and reliability of the questionnaire. Repetitive checks were executed by special investigators after the questionnaires were completed. In addition, double entry and validation of the data were performed within 72 h after the questionnaires were completed. 
Results
General Characteristics.
Between May 18, 2014, and August 22, 2014, 6932 patients were recruited in this study, and 6441 completed questionnaires were obtained after deleting those with missing data or logical errors, yielding an effective rate of 92.9%. Importantly, 94.67% of these patients had type 2 diabetes, while only 5.32% of the patients had type 1 diabetes, prediabetes, or other types of diabetes. Among these patients, 3061 were females and 3380 were males, and their mean age was 60.02 ± 13.14 years; 37.98% of the patients were over 65 years of age. The mean disease duration was 9.36 ± 7.22 years, and 62.04% of the patients had the disease for a duration of 1-10 years. The mean body mass index (BMI) of the patients was 24.76 ± 3.67 kg/m 2 , and 56.67% of the patients were overweight or obese (BMI ≥ 24 kg/m 2 ). Only 18.00% of the patients had an education level of college or higher. 58.42% of the patients were retired, and 53.56% of the patients had been educated about MNT before ( Table 1) .
The mean FBG of the patients was 8.15±2.91 mmol/L, and 21.2% of the patients had aFBG level lower than 6.1 mmol/L. The mean 2h-PG of the patients was 11.78±4.28 mmol/L, and 12.1% of the patients had a 2h-PG lower than 7.8 mmol/L. The mean HbA1c of the patients was 8.12 ± 2.12%, and the control rate among them was 38.92% (HbA1c < 7.0%).
KAP Score.
A relatively poor KAP score was obtained from 54.54% of the patients. In addition, 62.79%, 61.85%, and 56.16% of the patients had poor K, A, and P scores in this study (Table 2) .
Association between Total KAP Score and Blood Glucose
Control. The FPG, 2h-PG, and HbA1c levels in the patients educated about MNT before were significantly lower than those in patients not educated before ( Figure 1 ). In addition, the FPG, 2h-PG, and HbA1c levels in the patients with total KAP scores of 10-19 were significantly lower than in the ones with the scores of 0-9 (Table 3) .
Influencing Factors of KAP Score.
Chi-square test showed that total KAP scores of the patients were influenced by < 0.001), and higher in those who received MNT education than in those who did not (OR, 5.06; 95% CI, 4.50-5.69; < 0.001). However, no significant association between disease duration and total KAP score was found (Table 5) .
Consistent with the total KAP score, the results of this study also showed that the K scores were significantly higher Journal of Diabetes Research 5 < 0.001) than in those with a junior middle education level or below; higher in retired patients than in the ones in service (OR, 1.51; 95% CI, 1.30-1.75; < 0.001); and higher in patients who received MNT education than in those who did not (OR, 5.45; 95% CI, 4.81-6.17; < 0.001). However, gender, age, and disease duration were not significantly associated with the K score ( Table 5) .
The A score in this study was significantly associated with only gender, education level, occupation, and MNT education. In detail, the A score was significantly higher in female patients than in the male patients (OR, 0.86; 95% CI, 0.77-0.96; = 0.008). However, the education level was positively associated with the A score. Compared with the patients with a junior middle education level or below, patients with senior high school (OR, 1.22; 95% CI, 1.06-1.41; = 0.005) and undergraduate education level or above (OR, 1.25; 95% CI, 1.07-1.45; = 0.005) had significantly higher A scores. In addition, the A score was also significantly higher in retired patients than in in-service patients (OR, 1.35; 95% CI, 1.17-1.54; < 0.001). However, in contrast to total KAP score and K score, patients who received MNT education had significantly lower A scores than those who did not (OR, 0.87; 95% CI, 0.78-0.97; = 0.013; Table 5 ).
The P score in this study was significantly influenced by gender, education level, occupation, place of residence, and MNT education. The P score in female patients was significantly higher than that in male patients (OR, 1.23; 95% CI, 1.10-1.39; < 0.001). In agreement with the total KAP score, K score, and A score, education level was also positively associated with the P score. Compared with the patients with a junior middle education level or below, those with senior high school (OR, 1.40; 95% CI, 1.21-1.62; < 0.001), junior college (OR, 2.12; 95% CI, 1.81-2.50; < 0.001), and undergraduate education level or above (OR, 2.65; 95% CI, 2.26-3.12; < 0.001) had significantly higher A scores. In addition, patients who were retired (OR, 1.44; 95% CI, 1.25-1.66; < 0.001) and who received MNT education (OR, 3.45; 95% CI, 3.08-3.86; < 0.001) had significantly higher P scores than those in service and did not receive MNT education, respectively (Table 5 ).
Discussion
To our knowledge, this is the first large-scale study investigating the application of MNT and the influencing factors in patients with diabetes living in urban China. In this national cross-sectional survey with over 6000 patients included, the results showed that over half of the patients with diabetes in urban China received MNT education. However, the knowledge and practice of MNT in the patients with diabetes were suboptimal, and the total KAP score as well as K, A, and P scores was poor in more than half of the patients.
A previous study in China has shown that patients with diabetes had positive attitudes but relatively poor nutrition knowledge and practices [16] , which has been confirmed in another study in the patients with diabetes in South Africa [17] . However, these findings were not in agreement with our results. Both the previous studies only included limited patients (162 and 217 patients, resp.); thus, the results could be easily biased. In addition, the questionnaires used in those two studies were not identical to the one used in our study, which could also contribute to the differences with our findings. The K score of the patients with diabetes in this study was slightly higher than the score reported in a previous study in Malaysia [9] , suggesting that Chinese patients may have a higher level of MNT knowledge than those in Malaysia. However, the disease duration in our study was evidently longer (9.33±7.13 years versus 6.3±4.9 years). The agony from the disease in such long duration could effectively promote the patients to search for related knowledge and actively seek help from clinicians. The attitudes and practices of MNT were not reported in the Malaysia study, and thus we could not compare the findings of these two studies.
Both individualized and group MNT could effectively improve the control of blood glucose in patients with diabetes. Previous studies showed that after the application of MNT the FPG, postprandial blood glucose, and HbA1c levels all decreased significantly [9, 10] . A study in China also showed that, after 1-year education about MNT in patients with type 2 diabetes, the FPG level was significantly lower than the level before the education [14] . For patients with prediabetes, individualized MNT is effective at reducing the HbA1c level compared with usual care [18] . These findings suggested that improving the knowledge and practice of MNT in patients with diabetes could substantially improve the blood glucose control. In our study, the results showed that blood glucose levels were negatively associated with the KAP scores. Patients with higher KAP scores had lower FPG, 2h-PG, and HbAc1 levels. In addition, the HbAc1 control rate also increased significantly with the KAP score, which was in agreement with previous studies [9, 16] . The mean HbAc1 level in this study was 8.12 ± 2.12%, while the control rate was only 38.92%, which was higher than that reported in a national study in patients with type 2 diabetes performed in 2010 (32.18%) [3] . The increase could be associated with the [19, 20] . These findings show that although MNT has been applied in China for about 5 years, the knowledge and practice of MNT in diabetes patients in urban China are still suboptimal, and the controlling rate of blood glucose is still very low. Many factors could affect the knowledge, attitude, and practice of MNT in patients with diabetes. The findings in this study showed that the total KAP score as well as the K, A, and P scores of the patients was significantly associated with gender, occupation, education level, residence, and MNT education. A previous study showed that female patients tend to have higher total KAP scores and K and P scores but lower A scores than male patients, suggesting that although male patients have more active attitude to MNT than female patients, the practice is still lagging behind.
The findings in this study showed that in-service patients had lower total KAP scores as well as lower K, A, and P scores than retired patients. We speculated that this could be associated with the fact that the in-service patients still have careers to worry about, and thus their work and accompanying social activities restricted them from remaining concerned about the disease conditions [21] . In addition, social activities in China are generally accompanied by banquets, which could further impair the MNT of in-service patients. In contrast, retired patients are past the busiest stages in life generally, and they have enough time and interest to learn the knowledge about diabetes management. The findings in this study also showed that patients who lived in rural areas had significantly lower KAP scores than those who lived in urban areas, which was in agreement with previous findings [22, 23] . This could be associated with the fact that most patients in rural areas had a relatively low education level, which restricted them from clearly and correctly understanding the knowledge about MNT. The findings that patients with lower education level had lower KAP scores also supported this hypothesis. In addition, patients from rural areas generally had a lower income; therefore, they had a heavier work load and mental stress than the ones from urban areas, which not only further restricts them from obtaining MNTrelated knowledge, but also impairs their practices in MNT [24] . However, another study in China showed no significant differences in the knowledge, attitude, and practice scores regarding MNT between the diabetes patients from rural and urban areas; however, that study did find that the patients with longer disease duration had higher total KAP score and practice score [16] . The difference from our findings could be associated with the sample size, source of subjects, and the questionnaires used.
The findings in this study showed that the total KAP scores as well as the K, A, and P scores in patients who received MNT education were significantly higher than those in the patients who did not, which is in agreement with the results reported in previous studies [14, 25, 26] , suggesting that providing MNT education for diabetes patients could not only improve the related knowledge but also help improve the attitudes and practices of applying MNT and thus finally improving the self-management of blood glucose level.
Limitations of the Study.
As a cross-sectional study, this study could not clarify the causal relationship between the factors and KAP scores on MNT. In addition, the retrospective method for collecting data could also introduce recall bias. However, this study could still provide valuable evidence for helping us to understand the factors influencing the application of MNT in Chinese diabetes patients and thus further provide evidence for further clinical studies and practices. To minimize the bias, investigators were uniformly trained before the survey started. In addition, the preliminary survey, as well as strict quality control in this study, could also help minimize, although not prevent, the bias. This study used a self-designed questionnaire to collect the data, and the Cronbach's alpha values for A and P scores were relatively low. However, the previous adoption of the same questionnaire by many other researchers in China suggests that this questionnaire can reflect well the MNT attitude and behaviors of diabetes patients. Therefore, this questionnaire was still used in our study despite the relatively low alpha values for A and P scores.
In conclusion, this study showed that although over half of the patients with diabetes living in urban China had received MNT education, over half of the patients still had poor understanding and practices of MNT, and the control rate of blood glucose was still very low. Patients with higher KAP scores were with better control of blood glucose. These findings suggest that MNT education is critical for patients with diabetes. However, the method of MNT education should be different, according to gender, BMI, occupation, and education level of the patients. Table 6 Item Question
Knowledge
Q4
Knows the dietary management of diabetes has been upgraded into MNT.
Q5
Knows that a lot of professional associations recommend MNT as the foundation of diabetes prevention and treatment both at home and abroad. Q8
Understands and remembers MNT recommendations provided by HCPs.
Q9
Knows the total amount of daily food that should be consumed.
Q10
Knows how to allocate the daily intake of food groups.
Q15
Knows the food restrictions or other factors that may induce malnutrition. Attitude Q11
Too frightened to take a meal (or reduce intake) because of concerns about increased post-prandial glycaemia Q12
Too frightened to eat fruits and sweets because of concerns about increased blood glucose.
Q20
Feels distressed or difficult to adhere to self-management according to the MNT recommendations provided by HCPs (multiple choices). If "yes", the main obstacles for acceptance or adherence to MNT is; (1) no chance to understand; (2) the content is too difficult to be understood; (3) the requirement is too high to adhere to. Practice
Q2
Correctly determined their body-weight group (refer to BMI, kg/m 2 , low weight ≤18.5; normal 18.6-23.9; overweight 24.0-27.9; obesity ≥28).
Q3
Can calculate the ideal body weight.
Q6
Routinely pay attention to the nutrition status.
Q7
Are routinely provided with MNT recommendations by doctors, clinical dietitians, or nurses.
Q13
Has experienced hypoglycemia due to irregular life style choices.
Q14
Has experienced between-meal hypoglycemia, bedtime hypoglycemia, or nocturnal hypoglycemia Q16
Routinely follows the recommendations of doctors or clinical dietitians when arranging daily diet, Q17
Routinely eats more vegetables than meat in order to control blood glucose.
Q18
Routinely increases the intake of snacks as a compensation of the reduction of meals or staple food recommendations.
Q19
Routinely unable to execute the MNT recommendations because of various reasons.
